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AB - JP2004070012 NOVELTY - The rotator (10) includes a core layer (12) 
comprising manganese doped indium phosphide layer (12a) and 
indium-gaMium-arsenic-phosphide (InGaAsP) '^yer 02t>) Pmch«i 
between non-doped indium phosphide clad layer (11) and "^nsanese doped 
indium phosphide clad layer (13). The inGaAsP layer has refractive 
index larger than the refractive indices of the phosphide layers 

- SeTAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
wavequide type Faraday rotator manufacture. . . 

. uIe - WaveJ^de type Faraday rotator used with optical devices like 
semiconductor laser, optical amplifier, P«^°»»^V?»^*f/;;ff 
semiconductor integrated optical element used in 1.3 and 1.55 microns 
m wavelenath band optical communication system. 

- SdTaNTAGE - The manganese dope enhances interaction of light within 
the waveouide and reduces loss. 

- DESCRIPTION OF DRAWING(S) • The figure shows a partially expanded 
sectional view of the Faraday rotator. 

- Faraday rotator 10 

- indium phosphide clad layers 11,13 

-core layer 12 . ..o 

- manganese doped indium phosphide layer 12a 

- InGaAsP layer 12b 

,W '.WAVEGUIDE TYPE FABADAY ROTATING Sem:mD<^rmm^f^J£ OPTICAL 
... MniiiM PHOSPHIDE CORE CLAD LAYER DOPE MANGANESE 

ELEMENT INDIUM PHOSPHIDE CORE CLAD LAYER DOPE MANGANESE 

NC -001 

OPD - 2002-08-07 
ORD - 2004-03-04 

PAW - (FUIT ) FUJITSU LTD ^ . 

- Waveguide-type Faraday rotator In semiconductor integrated optical 
eS. incluSes indium phosphide core and clad layers doped with 
manganese 
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t^tle^t!|fS{>:-rZ^i£»l7 7 7T'-lQllc«^<i)Sil^a. 

Cf!5S«?)Sa5siiBH] 30 
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P. P. 97-99 (2000)J'?>> rj. F. DM Ion, Jr. et olI. 
J. APPI. P.kys., vol.67. No. 9, P.P_. 4917 

-49 1 9 (1 9 9 0) J [cmmcm[3 ^ ii-z I) 2 . ^^') <d 7 y yr-m 

feS t^yJvrtl "i: 11 7 ^Mtt , SfeE < 3feaM-f ffl 11 mi 2 1 . Sum. 1. 55umi£^ 

$ c 3y n T t |B| « ic ^ I . 

[0013] 

• 

[0014] 
[001 5 ] 
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^C. C <9!6 1 <9llJfe<?)ff?«C# 2 ^iSL8&S7 7 7T'-Ste«^ 1 0 9 S 3i :S ^ IC o U T 
[ 0 0 2 9] 

0 2 M n 0 ^ ffl ^i *r S S © s$i 0 "? ^ 3 . 

Mn<9^iHit^a^?)S*TC^feoTt3:, InP/I n G o. A S 0) # l«ife IC M n t )E A 
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tid;). Go-. AS. M n 0 s-ii^tt I) r ft 1 15 ^y s t a 55 1) . 
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ffi 6,if)-z \.) 1 Ytfftini , ufttt. lnGa.ASl5?« + cMnth"-K?>7UT 

•i:0Mnl^<?)X¥«»f^<?)^iIHiWaSC<}:oT I r\Ga.ASM^ 

c*/fMU> I nP5S'fi'i^"i:tiCI nPl^lCMnP«S^>:bT5{';ii*ii;fec'iJtFvU 
D^.Mntt. E12lC>Tvb;fe.j;p|;:, InPlW^^ 7*r*S«^^6ff^«:-?ll';£*ti 

0 0 3 6 ] 

rtke noLtu^e of tke ckemtcoLl ionoL o-not ± k 80 
structure of molecules and c^xsta-ls :A 
introctuo-tion to moolern struc-tura-i ckem 

s ± y y . i) y Linus Pa-ulln^.tKird edition, Ne 
York, Cornell University Press (1 960)JC 

I)i . liax«A, B ^©iS^x:? ;i/=?t D (A-B) . A- Am9^ J:Z/B - Bm<!)t& 

x:?JU=^'t"ttL^ftD (A-A) di XLfD (B-B) , Ax*3ifJ:2^Bx*0iai§tt 

ti:aYftXA3vj;2'XB vb;fev$=. D (A-B) (1) QintJ umf-nc 
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(A-B)={D (A-A) +D (B-B)} /2+23 (Xa-Xb) ^ (1) 
XIH: IU4 ^ ft T I) I D ( A S - A S ) = 3 2 . 1 (kcoLl/mol). D(P-P 
= 51. 3(ko<xl/mol). Xas=2- 0. Xp=2. 1. XMn=l - 
t)^^ . Mn-P7U?R^<5)SSez^^l/=PD (Mn-P) Mn-ASx«^QiSS^X^ 
=**D (Mn -AS) ia:"tftYft3!c?>^ ( 2 ) , (3)?#^>iftl. 
0 0 3 8 ] 
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(Mn - P ) = (D (Mn -Mn ) + 5 1 . 3}/2 + 8. 28 (2) 
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^ 3 ] 50 



D(Mn-AS) = {D(Mn-Mn)+3Z. l}/£ + 5.75 (8) 
^(2). (3)«fc'KD(Mn-P)>D(Mn-AS)-?i?)lCV2^tD»I.C©C * 
Mn-ASi^-&tSli^ttI<9Cifc-^TMn-PJget@lirttl;fe(y)Ctt^'; 
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■0<O^J^f&'Blit)l=^<i>m^C^-f^. I nG0LASl5)?S1'ICH-C>7rtlfeMn 
tt, inGcxASl^lctfriEU. lnPBJf«"iJ>;tlcInPlflcMnPeSVU 

[ 0 0 4 1 ] 10 
5Bl<9^JSo)ff^SlC^g^^iaSl777T'-lillc^^1 0<?)SiilC^;feoTtt, C<9J;? 

08tt»1<?)III6<?)B1g<?)«^Hl7777'-iI«£t^<?)»J£7n-tfvrE7i?)3. 
[ 0 0 4 Z ] 

^iaSl777T'-[e!lE9l^1 0<Z)^3itt, Cllt^Slitl^ltJiilCiS^SJ^BrttlC 
^ICJ;oTBP)ctI. ^S5)c'«ICttM0VPE)£t^l)> /iff>^UTPH3.- ASH 3. 
TMI. TEG> mi&7tm-?'h J Hr\ Q l^'^Y b 1 (MeCP) zMntffllll. SSJSa 

Stt3 0 ot:~4 5 orssc^mseH-?^!?. 5s;«ast^3 o ortTni^^ictt. 

4 50°Ct±|51I^^IUtt. *icmu;tlli^03i'>i, ^CJ:l)g«<i);fed;)5JJ«U;fe.JSS^ 20 
[ 0 0 4 8 ] 

J.JI T « § 1 <?> J^fiJ? I t m 1 11 o T ii TO t I . 

^b^!B5¥^^$3^*g (^la r tii 1/ -1^5 y ©atT-yw 7 V |5] ^ T t cfe II 

)<i)±IC^ InP7=7yFlllt5r«rttI(7Ty7-8l). InP!77yh-gl1 
^J^tfS:, P H 3 ^HS1=-?S^IC>itU T7X3St + -r 'J 7:tr7 b ;fe.TM I <?)#<SI^1 
7 t ^ A t I c c *fc ^ T . SI 0 . 5 u m 0? ii )? ICJKSJ? 1 1 . 
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y^l)-?> InPC77yh"Ji11±IC« lnP77yh"111J;'>»tl^ff^<Z>iSiUInGa, 30 
ASPll 2i>t« Mnt^AU5it^^5)r5rttI (7Ty7-S2) . InGaASPl 
1 Z b ta. mxts: . PHs 3VJ:6fASH3 0)I^#HM4="?7X^t + r'J7:«3'7^UTT 
M I ?y .i; T E G t ^ A t 1 C V C ^ ^ T . IK) 0 . 05um~0. 1 it tn IC t 3 . C 
QlnGo-ASPlI 2i<?)JF^E<9P»CI3:> Mnii^P^•?i?)3 (MeCP) z Mnt^^^D 
«At2J;"?Ctl. CC7*Ar4lfeMnl3:. <5 ffl fii *f S S IC J: o T , InGoLA 
SPll 2t^^llCf<^fetIJ:7C«I. 
[ 0 0 4 5 ] 

InG0LASPll2t±C. InPltS)i;firttI(7xy7-S3).CC-? 
Srirttl InPltt, -Uy^lK. PH3»HS + "??Xtt=^=ir';7tr7>;bTTMIt« 
Atlc>:n:j;oT,»o. 05um~0. 1 u 3 . •^<?){S. c <?> i n P 1© 40 

TllCJ)! InGOLASPll 2i)$HCI3:, 7Ty7-S3lC3VtlT^AUfeMn*^^*r 
UTJy'K ±}^o)cfe?ICMn-ASi^^J;'>' eM^-P^^^frr#5)cr^l^tl)C>^^^^. 
MntfC<5InPllc:5{';iitaiJ:?IC«l = cacj:'K InG0LASPSl2i± 
ICtt, Mnt^g*r4i,:feInPl-?^3 InP Mnll 2(xt^5RE)?r4lZJ:7IC5I. 
[0046] 

JXl)-?, C<?)InP :Mnl1 2oL±IC, 7xy7-8 2V[B]1tc. Mnt^AUtS;yfiiI 
nGoLASP^I 2l)t53i'S71t (7xy7-84) . \C M n t)! UVi I ^ I hGolAS 
Pii2l)tfl^j)?tI.^<?>l)its,'l9JXi3r.ao. 05am~0. lumV.t^- 
[ 0 0 4 7 ] 
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2i-?e^tti^^t&<?)lnP :Mn/InGoLASPD7Sl Zi^m^t til . ^tfi. m 
^13:. I n P : Mn/ I hGolAS P 371 1 24#7. "t0lgJ?*^«) 0 . 2Lim~0. 

[ 0 0 4 8 ] 

rHIC« 7Ty7-84-?ff^5)c"U;feInG0LASPll 2l)±IC« XTy7-S3'i;|B]1llC. 
InPltPltS^tt (XtvT'SS) . InP Mn^vvFll 3tff^B5f-ri. ^QH 

C 0 0 4 9 ] 

^UT, ^)S.%0) ^it^^tMmi (Xt v7'S 6) . ^©±CInPji(y)iiJfll4t 
5)?Srtt (7xy7'S7) , ^ 'Afi W 7 7 y T - M^f^ "5- ] 0 Q^^M^^t t 1 . 
[ 0 0 5 0 ] 

C<?)Si£:^^-?l3:> InGoLASPll2ttr^5)?t3lllC±l<i)InPSlC§# 
^■ttI-^$=Mnt^Ari«fc?ICUjfe*>f, InGoLASPl12t ?f^5t IC M n 3? A 
ttf, I n P S ti)ff^S)?i^CM n t 1 1 J: ? C t 1 C V t ■? 3 . 
[ 0 0 5 1 ] 

EI4f3: I nPl«i)ff^55i:itCMnt^At3:*^<?)^2i?Sl!777T'-|5llcfl^<9Sii7D 
- t /Tv t El ^ I . 

t^2^^I«^<^)^}fil&S777T'-leli£5S^10<55ii^ltt, InP^^vFSlIt 
S!?5rtt(XTy7-8 10). ^<5±C, InG0LASP§l 2itS5?«rtt3 (Xxy 
7-81 1) . s CC-?!* (MeCP) 2Mn<?)«Att<7ft«l). 

[ 0 0 5 2 ] 

7Ty7\81 1lc3Sc^, ff^55i;U;feInGoLASPll 2l)±IC, Mnt^AOii^fHIn 
PltH'^rttI(XTy7-8l2).C*llCJ:'K InG(xASPll2fc±Ctt, I 

np :Mnii zoiifmmttii . cQinp :Mnii 2oLtt. mxti:. ? H s wmn. 
1'-?7X*ttt'>'7:yxvuTTMit«AtI^|51i^n:, (MeCP) zMnt-iic 
5S r c "i: rc o TJ^sift I . 

[ 0 0 5 3 ] 

^LT. 7Ty7-Sl (MeCP) 2Mnt^AtlC>;^S< InGoLAS 

Pll 2f>t?)?€rit(XTy7-81 3) , XTy7-81 2>:I51«IC, Mnt«AU«t^ 

^InPlt5)^fir1^(7Ty7•S14) , inp :Mn77yh"li 3 tmmt i . c 

llC<fc'K InP:Mn/InG0LASPD7i1 2tffff^E)?r4ll. 
[ 0 0 5 4 ] 

M^C . m)S.^<D ^Vm&HMmi (7xy7-8 1 5) > ^<i>±CInP«(y)£^fll4 
tSKSr-tt (Xxy7-8 1 6) . ^iS%S!777T'-l5llcll^1 0<?)g2t:«itt^S)?tZ 

o 

[ 0 0 5 5 ] 

C<<)J;7IC« InPl<?)r^5)C^irMnt^AtIJ:?ICtlV. Mn-ASlS!S#J:';eM 
n-Piia'&2:frP55?ra^tllC"i:t^^« I nPl-?tt I hGolAS Pl"iil3:^^J';. $H 
^ilfttfrSC'^lCKn.^t?)*.*!/). InPS0B]5J'Btic^Ar*i;feMnl3:. ^<?)$$InP 
iracS*';. I n P : M n 1 1 BE)? t 3 C V 3 . C ti IC J: ') . InGo-ASPl 

1 2 t ffl CM n 0M*f 0 S I) A»« iKSS t f^JK? ?= . afttSgS^aiSS 7 7 77*- 0 
Otff^5)?tlC>;t^-?^I. 

[ 0 0 5 6 ] 

^iSaS 7 7 TT'-DlcfS^ 1 0 t Sii t 3 C ft <5 I :5 C 3y I) T 13: . urti®^ 
^t. ^=7yKl3VJ;C#D7^C*ja}ICMnt^At3CVtfrf$=, MnQ^Hi^ftSP 
*ytlc>:tf7f=I. ctiic«fc'K inP :Mn/lnGoLASPD7Si 2t^ifttl 

[ 0 0 5 7 ] 



[ 0 0 5 8 ] 

SB Z <9lllfg0P«ICo I) 7SiBHr I . 

[ 0 0 5 9 ] 

;TvU^0 1 C/TvbTllimS)?llfg^|Sl-<9ll5SlC^UTtt|Bl-<?)H^ti>fU, ^<9s5iflfl<9 
[ 0 0 6 0 ] 

532<9llIi60)BlgQ^i£»l!777T'-lal^fg^20C2TrUT, InP^^^yK^l I3>f 
cfcC^InP :Mn77yHil.3<5^ICtt. InGaAsSVMnt^ttl InP M 
nl*^l3:l nGoL? : MnlVtJilcairtt;fejSIS^mitci) I n (Go.) P ■■ Mn/ 

InG0LASjS*S^D7iB2 1i^B53trtlTl)I.C<9c>:?^«im3t<?>^a^<5^-!^^ 
I nPa(y)ii^Sl 4CJ;^TS(y)iit4l> ^'A^M 7 7 y T - ^ I 0 m 

m, t tL T I) Z . 

[ 0 0 6 1 ] 

C<9^2£»S777T'-0lc5g^ZOO)=8-S<9SW?tt> In (Go.) P Mn/InG 
olASM*S^D712 12^S1<> C4ir^€> lnP!77yKl11?rJ:^/lnP:MnV 
^yh-ll 3«fi&<^JoTl)I. c<j)lJ;fStlCcfc'K in (G(x) P :Mn/InGa- 

tJf^In (Gol) P ^MnlJyj^&flnP ^Mn^^yh'll 7777'-5lJ 
[ 0 0 6 2 ] 

m)Bi%m7 7 -m^m^ z 0 . ^1 (Z)^jg<9F/iQ)^iSSS7 777"-ia$E*^i 

0^|Bl«x In (Go.) P :Mn/InGa.ASjatS^D7l2l5irJ;C#InP ^Mn!? 
7yh-li 3®i^^icMnt^§tr4LTuic>:-?. *VMn^<?)ffl5:rFffi2^a4;)'iti? 

[ 0 0 6 3 ] 

ccj)3l2<c)^]56<9r^^<9^i8l»S7 7 7T'-lic?S^2 0<4>§ill:5SlCTl)T8itBH 

|gl6tt^2Q?^]li6(i)PM(9^iS»l777T'-iaiK«^<i)»Jt7P-t7rvt0-?»)I. 
[ 0 0 6 4 ] 

^i£»l!7777'-ialK?!l^20<i)S&«:. InP!77yh"11 ItsX^rttCX 

Ty7'S20) , ^£i)±lC. In (Go.) P :Mn/InGcx.ASja^^D7l21tff^ 

[ 0 0 6 5 ] 

ccpin (Gol) p:Mn/lnGoLAsa*S^ll7l21<?)r#BJn3:. inP:?^ 
yh-ll 1±IC. Mnt^AUS^f^InGoLASltSJiBrtt^ (ZTy7-S21) . 
I nGoLASltt. mxts:. ASHs ^HS t ??Ktt + i''>»7:y7>:bTTMI5irJ;6f 
TEGt^AtlC^CJ;oTr#5)it3. ^(9^- [al^icMniiff-?^! (MeCP) 2 
Mnt^Atl. ^Arti.^MnQ)f<{3:. lnGa.ASl^lllC€*irt3J;TIC«3. 
[ 0 0 6 6 ] 

^UT. cc? I nG0LASl±IC, I n P I nG(xP lt5J?«rtl:^ ( X r y 7- 

8 2 2) . C+llCJ:'K InG0LASl^fflCSWUTllfeMnt^InPl*;fef3:InG 
OLPllC^'jTiSii. lnP:Mnl*;fettInGo.P:Mn Mt^M^m ^ . 5^ 3t , X 
Ty7-S2 2c?Vt)T. inGa-Pltr#5!(;-ri»^Ctt«#J;tl3:, PH3^aa'^'"?T 
M I ?y J;6fT EGt^At Z . 



[ 0 0 6 7 ] 
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I nPlS;fett I nGoLPl^)Jf^s3?itlCMnt^AtI»^©^iS^&l777T"-iafe« 20 
^©Sil70-t/T^riil?i^3. 
[ 0 0 7 1 ] 

2}^t^I«^Q«i£»l7777--ia^f!5^20<?)Sittt, InP!77yh"ll1t 
B3?gr-tt (Zry 7-830) . ^©±IC, In (Ga) P :Mn/InGoLASja*ft^D 
712 1 tff^55f t 1 . 
[ 0 0 7 2 ] 
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n/I nG0LASja*S^D7l2 1 t«iItI*<?)«*t^«P«yr4lI. 

[ 0 0 7 7 ] 

^t^%^^^*«5^tSl)TiSi'li^«^2aSS7 7 7x'-ialc..^^2 0tS<ii-??=3 
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C 0 0 7 8 ] 

^9f. J5»>±<?)Si8HC3V U T , InP!77yh-Sl 1 > ^ <?> PJ fiP IC M n t S * f tt 

c<Z)J;?^i^S5r>ititt3!. Mnt§^t^D7l^?« MntS^t^InP :Mn!77y 
[ 0 0 7 9 ] 

jjL ± (?) !!i BH -? . sSi^TttV l7Mntffll)fe«^Col)T3^^feff. *f!afl-?S 
i)lc>:<9-??=^ffli<S7cll^UTtt, Mn<?)i3:», c;-. Co. Ni. Fe^J^'^fiS'^x 

[ 0 0 8 0 ] 

nGoLASPCt^tT I nGoLAS?. Sl)lC'^t^-??=> I nGaASICt^Tl nGcx 
ASPtffii)lc>:tRl^S"?i^^ - tfe, InPlct^LTlnGo-Ptffiu^O^t^-?^ 
, InGoLPlct^LTlnPtraDlc'JitRf^g-?^!. 
[ 0 0 8 1 ] 

Tfi5^«mitt t b T U I 1« 3t J;C^D7lt«^.'7 7 V K lie. C7 7 Z 9 t ff^ 55? 7 

o 

[ 0 0 8 2 ] 
[ 0 0 8 3 ] 

iti 1 tlttai'lt¥^^$lTlci)¥^^$l<?)55?«ft IC^At I C ^ IC J: 'K ^7 7 y h" 1 . II 
[ El H <9 11 sii as ] 

[ 0 Z ] M n <9 ^ us S ^ (9 aft 12 -? 1 . 

[04] I nPlo)ff^5XtCMnt^Atl«e©«iS^&l777r-[oilcS^o>^3£7 
[E15]^2<?)!liS6<9r#®IC«I«i£»S7 7 7T'-ialc55^<?)l«ftQ)-ait>Tvt@-? 

[06] m z o%m(0MmQ^'A¥&W7 7 ^T'-ia$tt^«i)S3t7n-t7rvt0-?i?>i^ 

[07] I nPl*^£.l3: I nGaPl<9ffmtlCMnt^At3«ft<9^i&%S7777' 

-iai£fS^<9Sit7n-t/Tvt0-?5)i. 
[ii^<5s!iB8] 

I.Z.3.4. 5.6.7 XatyK 
10. 20 7 7 ^f'-Ote*^ 

11 I n P 7 7 y K" 1 

12 inP Mn/lnGa,ASPD7l 
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